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AbstractThe following conclusions can be drawn from the thesis work. 1. Influence of microwave irradiation: Microwave heating (MW) of the catalysts has increased the chlorobenzene hydrodechlorination activity of Pd supported on Nb 2 O 5 catalysts using nitrate as precursor of Pd. Microwave heating seems to have transformed the morphology of Pd that affected the stability of the catalysts towards deactivation. Microwave irradiation facilitated the faster removal of water leading to agglomeration of Pd particles with the consequence reduction of metal surface area leading to low dispersed catalysts systems, which are reported to be facile for hydrodechlorination reaction. As no compound formation was detected, MW heating forms an effective alternative for high temperature reduction. 
However, with PdCl 2 as the precursor, MW was found to be not very effective as it necessitated further calcination to achieve the expected results. 
2. Influence of metal precursor and support: The nature of metal precursors and support was found to be one of the major factors that influenced the total activity of the catalysts towards chlorobenzene hydrodechlorination. Pd dispersion in a supported catalyst depended considerably on the precursor as well as on the characteristics of support. In 10 wt. % Pd containing catalysts the PdCl 2 precursor offered higher dispersion of Pd compared to Pd(NO 3 ) 2 over Al 2 O 3 , SiO 2 , ZrO 2 , Nb 2 O 5 based catalysts. In the case of catalysts prepared from impregnation method the hydrodechlorination activity was found to be strongly dependant on the dispersion of Pd. A low dispersed system offered better resistance to deactivation by HCl poisoning. The higher chlorobenzene conversion and stability for the low dispersed system can be ascribed to the migration of chloride species into the large particles thereby refreshing the outer Pd surface for further reaction. The catalysts originating from the chlorinated precursor retained a considerable amount of chlorine in the vicinity of Pd even after calcination. The residual chlorine in the catalysts was also found to be dependant on the nature of support. In general, except Pd / ZrO 2 , all the catalysts prepared by impregnation method employing palladium chloride precursor exhibited lower activity and stability compared to those prepared from palladium nitrate precursor. In the case of Pd / ZrO 2 the activity of catalysts obtained from chloride precursor was close to that from nitrate precursor of Pd. The unusual stabilization of Pd on ZrO 2 was responsible for the identical chlorobenzene conversion irrespective of the palladium precursor. 
3. Novel catalysts preparation by deposition - precipitation: Contrary to the general observation that the low dispersed Pd catalysts are preferred for HDC reaction, by adopting the deposition - precipitation (DP) method of catalyst preparation the high dispersed catalyst system also offered better activity and stability. The 1 wt. % Pd catalyst particularly the Al 2 O 3 supported one prepared by DP method was found to be highly active and stable than those containing 10 wt. % Pd catalyst prepared by conventional impregnation method. This is a significant observation in terms of considerable reduction in Pd content of the catalyst and the availability of more active surface area. For example, Figure 6.1 shows a comparison of time on stream analyses data between the 1 wt. % Pd DP - Cl and the 10 wt. % Pd catalysts supported on Al 2 O 3 . It can be observed that the 1 wt. % Pd, DP - Cl catalyst is more active and stable than the 10 wt. % Pd catalyst, reiterating the novelty of the catalyst. It was concluded earlier that the catalysts prepared by impregnation method using PdCl 2 was not suitable for hydrodechlorination reaction owing to the presence of residual chlorine on the catalyst surface. However, Pd catalysts prepared by DP method with chloride precursor provide a convenient approach for the preparation of active and stable catalysts. In DP - Cl catalysts, the strong interaction between Pd species and the support not only leads to active cationic Pd species that are active for hydrogenation but also inhibiting the selective adsorption of HCl on the Pd surface leading to higher activity and stability. The high activity and stability seemed to be manifestation of forming an active site wherein Pd exists in its cationic form. The catalysts from nitrate precursor of Pd showed a decrease in activity with time even for catalysts prepared by DP method. The lower activity is related to the formation of PdO during catalyst preparation as Pd (NO 3 ) 2 is known to decompose easily at lower temperature and during the process of calcination the agglomeration of Pd metal leads to lower dispersions suppressing the possible formation of active cationic Pd by metal support interactions. The effectiveness of DP method for the hydrodechlorination reaction depended on the nature of support and also on the metal precursor. All the supports Al 2 O 3 , SiO 2 , ZrO 2 , CeO 2 (except Nb 2 O 5 ) were found to be active 
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Figure 6.1: Comparison of time on stream analyses of 1 % Pd DP - Cl and 10 % Pd IMP catalysts during the hydrodechlorination of chlorobenzene at 140 o C 
carriers for Pd when the catalysts were prepared by DP method. The hydrodechlorination activity of the Pd catalysts prepared by DP method varied with the nature of support and is of the order Pd / Al 2 O 3 > Pd / ZrO 2 > Pd / CeO 2 > Pd / SiO 2 > Pd / Nb 2 O 5 
1 wt. % Pd content seems to be the optimized loading of Pd for obtaining higher activity towards chlorobenzene hydrodechlorination. 4. Structure sensitivity: The method of catalyst preparation, nature of support and influence of Pd precursor are the major factors that contributed to the overall dispersion of the catalysts. A variation in any one of these factors was found to drastically alter the dispersion of the catalyst and hence on the catalytic activity. The DP method of catalyst preparation employing chloride precursor revealed that the hydrodechlorination reaction is structure insensitive, where the activity of the catalyst was maintained even with decrease in particle size. In the case of catalysts prepared from nitrate precursor employing impregnation method, the hydrodechlorination reaction was observed to be structure sensitive where the activity of the catalysts increased with increase in Pd particle size. The extent of Pd loading also played a crucial role. Catalysts with high Pd loading (i.e. 10 wt. %) lead to low dispersed Pd system whereas at low Pd loading (i.e. 1 wt. %) the dispersion of the catalyst mainly depends on the nature of preparation method, type of palladium precursor and nature of support. 
The inhibitory effect of the HCl realized during the reaction also decides the structure sensitivity or insensitivity of the hydrodechlorination reaction. A better resistance to poisoning by HCl is observed when the size of the metallic particle increases. This result indicates that the inhibitory effect is not a surface phenomenon but one directly related to the bulk of the metal particle. In the case of smaller Pd particle with electron deficient character, the HCl is usually weakly adsorbed on the Pd surface thereby offering resistance to catalyst deactivation by HCl poisoning. Therefore the detailed investigation of studies on low as well as high dispersed Pd systems reveal that although the catalyst containing large Pd particles are active for hydrodechlorination, it would be a better option to create smaller electron deficient Pd particles by novel methods such as deposition - precipitation employing interacting supports such as Al 2 O 3 , CeO 2 , ZrO 2 . Highlights of the Thesis: v Substantial reduction of Pd content. v Synthesis of a more stable active site. v Identification of the active sites in low dispersed as well as high dispersed catalysts.   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